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Introduction
Owing to increasing demands for the development of clean and renewable energy resources in order to solve emerging energy-related problems, various energy conversion and storage systems such as solar cells, fuel cells, lithium-ion batteries, and supercapacitors have attracted a great deal of interest in both academia and industry [1] [2] [3] . In particular, supercapacitors, also known as ultracapacitors or electrochemical capacitors, have become of great importance. This is because of their great potential as electrical storage units in portable electronic devices and electric vehicles, owing to their superior power density, high charge/discharge rate, and enhanced cycle life [4, 5] . Based on their energy storage mechanism, supercapacitors can be categorized into three types: (i) electrical double-layer capacitors (EDLCs), in which the electrostatic charge is accumulated on the surface of the electrode by the formation of an electrical double-layer, (ii) pseudocapacitors with fast and reversible Faradaic charge transfer processes on or near the electrode surface, and (iii) hybrid capacitors in which the EDLCs and pseudocapacitors can work together. In general, carbon-based nanomaterials with a high specific surface area, for example, activated carbon, carbon nanotubes (CNTs), and graphene, have been widely used in EDLCs [4] . This is because the surface area of the electrode plays an important role in the performance of EDLCs. Furthermore, composite electrodes composed of carbonbased nanomaterials, together with conducting polymers or metal oxides have usually been applied to pseudocapacitors [4] .
Among various carbon-based nanomaterials, graphene, as a two-dimensional single layer of graphite with carbon networks, has emerged as an ideal electrode for supercapacitors. This is because of its high specific surface area, excellent electron mobility, and superior mechanical properties [6] . Although the theoretical maximum double-layer capacitance of graphene can attain a value of up to 550 F/g [4] , most graphene-based supercapacitors have limited capacitances. This is because of the structural and morphological defects of graphene sheets, such as the significant reduction in electrical conductivity and the ease of formation of large clusters, with reduced specific surface area. To solve these problems, the incorporation of CNTs into graphene networks has been suggested by several researchers [7] [8] [9] [10] . In this condition, the significant reduction of electrical conductivity in graphene networks can be considerably minimized and the restacking of graphene sheets can be efficiently 
Material and methods

Synthesis of materials
Graphite nanopowders (450 nm APS, 99.9% purity) were obtained from Nanostructured and Amorphous Materials Inc., and were used as a starting material. Firstly, GO was prepared from graphite nanopowders, using a modified Hummer's method [11] . The af-MWNTs were synthesized according to procedures in literature [12] . Subsequently, GO (300 mg) and varied amounts of af-MWNTs, ranging from 20 mg to 300 mg, were reacted to produce graphene/MWNTs hybrid materials; these were designated as GM1, GM3, GM7.5, and GM15 (the numbers denote the weight ratio between GO and af-MWNTs, and the higher the number, the larger the amount of graphene). The amount of af-MWNTs for the preparation of the GM1, GM3, GM7.5, and GM15 materials was 300 mg, 100 mg, 40 mg, and 20 mg, respectively. The experimental procedures are described as follows;
GO and af-MWNTs were dispersed in a dimethylformamide (40 ml)/acetic acid (20 ml) mixture under sonication for 1 h. Subsequently, the mixture was reacted with continuous stirring at 110 ℃ for 24 h. On cooling to room temperature, the reaction mixture was filtered with a nylon membrane (0.45 μm) and washed several times with methanol and water. The resultant hybrid materials were further purified by Soxhlet extraction with water, THF, and methanol. Finally, hybrid materials were obtained as a black powder after vacuum drying at 50 ℃ overnight.
Characterizations
Elemental analysis (EA) was conducted with a Thermo Scientific Flash 2000. Fourier transform infrared (FT-IR) spectroscopy was performed on a Perkin-Elmer Spectrum 100 using KBr pellets. Themogravimetric analysis (TGA) was performed with a TA Q200 (TA Instrument) at a heating rate of 10 ℃ min -1 , in air. Raman spectra were obtained by confocal Raman microscopy (Alpha 300S, WITec, Germany), in conjunction with atomic force microscopy (AFM) with a He-Ne laser (532 nm) as the excitation source. The field emission scanning electron microscopy (FE-SEM) was performed using a FEI Nanonova 230. Cyclic voltammetry (CV) analyses were conducted using a potentiostat (IVIUM CompactStat, IVIUM Technologies) with a standard three-electrode cell. Glassy carbon electrodes coated with hybrid materials were used as working electrodes. A platinum wire and an Ag/AgCl (3M NaCl filled) electrode were used as a counter and reference electrode, respectively.
Results and Discussion
Elemental analyses (EAs) were conducted to investigate the chemical compositions of all samples (i.e., GO, af-MWNTs, GM1, GM3, GM7.5 and GM15) and the results are summarized in Table 1 . As expected, the main composition of af-MWNTs is carbon (78.56%); however, they also contain noticeable amounts of oxygen (10.97%) and nitrogen (5.95%), originating from 4-aminobenzoyl moieties on the surface [12] . GO possesses a high amount of oxygen (44.83%), owing to the existence of oxygenated functionalities (such as epoxy, hydroxyl, and carboxylic groups), which are generated by the severe oxidation process during the modified Hummer's condition [13] . In comparison to GO, dramatic decreases in the oxygen content accompanied by a significant increase in carbon and nitrogen atoms have been observed in hybrid materials of graphene/MWNTs.
It is noteworthy that these compositional changes from GO to hybrid materials can be attributed to two simultaneous dehydration reactions in an acidic condition; i.e., the reaction between the hydroxyl groups and the adjacent hydrogen atoms in GO, and the imine formation between the ketone (C=O) groups in GO and primary amine (-NH2) in af-MWNTs. These results indicate that the efficient structural restoration of graphene structures, in addition to the successful incorporation of MWNTs in graphene networks via imine linkage, can take place during the acid-catalyzed reaction that was used in this study.
FT-IR measurements using KBr pellets were also conducted to investigate the structural changes prior to and after the reactions. Typically, a sp These observations correlate well with previous reports (Figure   2 (a)) [13] . However, all graphene/MWNTs hybrid materials display two distinct peaks at 1581 cm -1 and 1221 cm -1 , which represent in-plane vibrations of aromatic C=C sp 2 hybridized carbon combined with C=N stretching vibrations, and C-N stretching modes, respectively [14, 15] . Therefore, these results To investigate the electrochemical performance of hybrid materials as electrodes in supercapacitors, cyclovoltametric (CV)
analyses were conducted in 1 M KOH solution, using a standard three-electrode cell. As demonstrated in Figure 5 (a) and Table 2 , all hybrid materials exhibit an enhanced current density when compared with af-MWNTs, implying a larger specific capacitance. In addition, the CV curves of the hybrid materials were of almost rectangular geometry, which implies a low contact resistance during CV measurements. However, a significant reduction in capacitance was observed in the hybrid materials with a lower weight ratio of graphene, i.e., GM1 and GN3. The shows the CV curves of the GM7.5 material in 1 M KOH solution, with various scan rates ranging from 5 to 200 mV/s. The specific capacitance of the GM7.5 material gradually decreased as the scan rate increased; this observation correlates well with previous reports [7, 8] . Moreover, the GM7. The cyclic stability of hybrid materials as electrodes in supercapacitors was also evaluated by operating the electrochemical cell at a scan rate of 100 mV/s for 5000 cycles. As shown in 
Conclusions
We have developed a simple, but efficient method to produce graphene/MWNTs hybrid materials via the acid-catalyzed dehydration reaction between the most commonly studied GO and 
